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An Ultra-High-Frequency Radio Range with Sector 
Identification and Simultaneous Voice * 

By ANDREW ALFORD, t  ARMIG G. KANDOIAN, FRANK J. LUNDBURG 
AND CHESTER B. WATTS, JR. 

Federal Telecommunication Laboratories, Inc., New York, New York 

1 Introduction 

THE primary purpose of a radio range 
for aircraft use is to provide a reliable 
aural or visual indication to the pilot as 

to his location with respect to a predetermined 
course. In addition , immediate and positive 
identification of the sector in which the airplane 
is at any given time ; i.e. , whether it is east or 
west of an east-west radio-range station, along 
with voice radiated equally in all directions from 
the station for communication purposes, are very 
desirable features. 

The ultra-high-frequency radio range with 
sector identification and simultaneous voice re
presents a highly specialized recent development 
to fulfill the above requirements. It seems desir
able, therefore, to precede its description with a 

brief discussion of past developments in this field. 

2 Four- Course Range and Two- Course 
Localizer 

2 . 1  FOUR-COURSE RADIO RANGE 
The conventional four-course range, whether 

of the low-frequency type used throughout the 
country, or the ultra-high-frequency type, has a 
radiation characteristic similar to that of Fig. 1 .  
Two mutually perpendicular figure-eight pat-
terns are radiated successively, one keyed with 
characteristic identification A ( ·  - ) and the other 
N( - · ) ,  the two signals being interlocked. The 
course is determined by the merging of the two 
interlocked 1020-cycle signals. A steady 1020-
cycle tone informs the pilot that he is in the "on
course" region ; a definite A( · - ) or N ( - · ) in
dicates the side of the course on which the 
airplane is flying. 

A limitation of this type of range is the 
identity of the "A" or "N" signals in opposite 
quadrants. As shown in Fig. 1 ,  the same signal is 
received in quadrant 1 as in quadrant 3 (also 
quadrants 2 and 4) . Information as to the air
plane position with respect to the radio-range 
station is thus not conveyed to the pilot-a 
potentially serious cause of difficulty in case a 
pilot is lost and desires to fly to the nearest air
port with a minimum of fuel consumption. The 
reader is referred to the indicated reference for 
further information on visual indication for ori
entation under instrument flight.1 

2 .2 Two-CouRsE LOCALIZER 
With this localizer, the type installed at Indi

anapolis, Indiana, some five years ago and now 
commonly used for instrument landing, two 
characteristic patterns are radiated simultaneously 

1 P. H .  Redpath and J .  M. Coburn, "Air Transport 
Navigation" Pitman Publishing Corporation, New York, 
N. Y., 1943, Chapter 2 1 ,  pp. 472-482. 

® 
- -/ 

I ( N 

\ 

A 

* Reprinted from Waves and Electrons, v. 1, pp. 9-1 7 ;  
January, 1946. Presented, Institute o f  Radio Engineers, 
Winter Technical Meeting, January 14, 1942, New York, �3 New York. \V 

t Now, Radio Research Laboratory, Harvard University, 
Cambridge, Massachusetts. Fig. I-Four-course radio range. 

1 79 
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rather than successively. One pattern is mod
ulated at 90 cycles and the other at 150 
cycles. The course is determined by an indicating 
instrument of the zero-center type actuated by 
the ratio of the 90- and 150-cycle modulations. 
When this ratio is unity the pointer position is in 
the zero-center of the instrument scale, thus in
forming the pilot that he is "on course. "  Pre
dominance of 90- or 150-cycle modulation causes 
the pointer to swing to the right or left, respec
tively, indicating "off-course" flight. 

Despite the practicability of establishing a 
course at least three times more sharply defined 
than with the four-course range, the difficulty 
of locating position with respect to the radio
range station remains. This will be evident from 
Fig. 2 ;  the same signal is received regardless of 
whether the airplane is in position " 1 "  or "2"  
("3"  or  "4") .  The problem thus presented for 
solution was the identification of the sector at any 
instant so as to acquaint the pilot not only with 
his position with respect to the course (informa
tion which both . the four-course radio range and 
the two-course localizer provide) but also his 
location with respect to the radio-range station. 

3 Essential Range Requirements 

Fig. 3 shows schematically the basic require
ments and might represent any radio range, such 
as that at Indianapolis. Two indications are 
necessary : (1)  deviation from the established 

® 

Fig. 2-Two-course localizer. 

course, provided visually by a zero-center type 
indicator which goes off scale approximately 10 
degrees each side of the course ; (2) aural sector 

0 
u 
v 

1 t 
I i 

0 v 
0 

0 
0 
v 

Fig. 3-Two-course radio range with sector identification 
and simultaneous voice. 

identification ; i .e. ,  indication of the airplane 
position east or west of the radio-range station. 
In Fig. 3 ,  the letter V represents voice which is 
radiated equally in all directions about the 
station. 

4 Method of Solution 

The solution of the signal problem of the two
course range with sector identification and simul
taneous voice is indicated in Fig. 4. It is apparent 
from the preceding discussion that the two
course localizer provides a partial answer. Hence, 
two overlapping radiation patterns, modulated at 
90 and 150 cycles, respectively, are transmitted 
simultaneously for the establishment of the east
west visual course (Fig. 4 (a) ) .  In addition, for 
aural sector identification, two radiation patterns 
are transmitted in immediate succession with 
interlocking D (  - · · ) and U( · · - ) characters ; 
the first predominantly towards the east, and the 
second predominantly towards the west as in 
Fig. 4(b). Simultaneous voice, when applied, is 
radiated in a substantially circular pattern as 
illustrated in Fig. 4(c) .  

The complete radiation : aural, visual, and 
voice, is shown in Fig. 4(c) ,  the relative sizes 
showing approximately the relative amplitudes 
of the aural , visual , and voice signals. The discus
sion concerning radiation patterns thus far refers 
to the sidebands only. By a process to be dis
cussed shortly, the carrier which is common to 
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the aural, visual, and voice signals is  radiated in 
all directions as in Fig. 4 (d) . Under these condi
tions, Fig. 4 (e) represents the total useful spec
trum of the complete radio range. 

5 Antenna Problem 

The visual course radiations are produced by a 
group of three ultra-high-frequency loop an
tennas. These three antennas lie on a straight line 
perpendicular to the visual course with equal 
spacings between adjacent loops. The aural
course radiators constitute a similar array ori
ented 90 degrees with respect to the visual group, 
the center loop being common to both groups. 
Voice, visual, and aural sidebands and carrier 
are radiated circularly only by the common 
center loop. The loop antennas used are the type 
previously described.2 

The antenna-array problem is illustrated 
schematically in Fig. 5. S0 represents the spacing 
of the loops in electrical degrees. With the am
plitudes and spacings indicated the total radia
tion F(O) in the horizontal plane is given by 

F(O) = A ±2B sin (S0 sin 0) . ( 1 )  

2 A .  Alford and A .  Kandoian, "Ultra-High Frequency 
Loop Antennae," Transactions.of The �mer

.
ican Institute 

of Electrical Engineers (Electrical Engmeenng, 1940), v. 
59, pp. 843-848; 1940; and Electrical Communication, v. 1 8, 
pp. 2 55-265 ; April, 1 940. 

(0) (b) 

150� 

The choice of sign depends upon the relative 
phase of the outer loops with respect to the center 
loop and determines the particular image pattern 

L.i.� AMPLITUDES B A B 
PHASES :so· o· '1'90" 

Fig. 5-Derivation of three-loop radio range. 
S0 = spacing between loops in electrical degrees. 
Radiation pattern-horizontal plane : 

F(O) = A ±2B sin (S0 sin 0). 
Visual-antenna array: 

A = I ;  B = 0.707 ; S = l35 degrees. 
Aural-antenna array : A = 1 ; B = 0.5 ; S0 = 100 degrees. 

obtained ; the intersection of the two mirror
image patterns along direction () = 0 degrees and 
180 degrees determines the established course. 
The first term A represents the radiation from 
the center loop ; the second term, the radiation 
from the outer loops. 

Equation (1)  is generally applicable to over
lapping radiation patterns. In this form, or 
slightly modified and expanded, it may be applied 
to a variety of radio-range and localizer antenna 
arrays. 

For the case of the visual and aural arrays, the 
requirements impose a division of power between 

the center and outer 
(c) 

VOICE 

VISUAL AURAL AURAL , VOICE a VISUAL) '�����:__�����__:_::::::.::::=.�����-"--_.__���� 

loops of A = 1 and B = t 
with S= 120 degrees. 
These values give an 
infinite clearance at 
angles of ±48.6 de
grees to either course, 
where clearance is de
fined as the ratio of the 
field strength of one 
mirror-image pattern 
to the other at any 
selected distance from 
the station. 

(d) 

CARRIER 
RADIATION PATTERN 
HORIZONTAL PLANE 

SIDEBAND RADIATION PATTERNS 
HORIZONTAL PLANE 

le) 
125 MC 

CARRIER 

VOICE 
SIDE BANDS 

TOTAL SPECTRUM 

Fig. 6 shows the vis
ual- and aural-side
band rad iation dia
grams for the values of 

Fig. 4-Components of 
complete radiation. 
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AURAL- RADIATION PATTERN 
CURVE· CALCULATE!;> 

POINTS· MEASURED 

Fig. 6-Comparison of visual- and aural-radiation 
patterns. 

A and B indicated in Fig. 5 .  This choice of cur
rent ratios and spacings is not the one used in the 
fmal range installation, but has been included to 
illustrate the effect of antenna spacings and 
current ratios on the radiation patterns. 

5 . 1  AURAL ARRAY 

The circuit of the aural antenna system is il
lustrated in Fig. 7. By keying at the indicated 
location, the phase of the two outer loops is re
versed with respect to the phase of the center 

consequently are avoided, inasmuch as the 
separate patterns are obtained at will by a simple 
phase reversal. 

In this type of array, the problem of inter
action between the various radiators must be 
considered. Since the outer loops have equal 
currents of opposite phase they do not induce any 
current in the center loop. The center loop, how
ever, may excite the outer loops parasitically. 
This parasitic action can be controlled and made 
useful for certain applications. In the present 
case, however, it is undesirable and hence the 
relationship EF= FG"'}../2 is maintained (Fig. 
7) .  This places a virtual short circuit at terminals 
E and G for parasitic currents, and detunes these 
loops insofar as parasitic action is concerned. 

5 .2  VISUAL ARRAY 

Fig. 8 depicts the visual antenna system which 
is similar to the aural array except that its posi
tion is oriented 90 degrees from the visual posi
tion. In this case, however, the two characteristic 
patterns must be transmitted simultaneously, 
rather than successively, so that a special net
work is required. 

This network, a transmission-line bridge, is 
indicated diagrammatically in Fig. 8. The 90-
and 150-cycle modulations are fed into opposite 
terminals of the network and arrive at the center 
loop in phase ; but because of the phase reversal 
in the arm of the bridge, they reach the outer 
loops in opposite phase. This results in the 
simultaneous mirror-image patterns, one with 
90-cycle and the other with 150-cycle modu
lation. 

loop ; hence, the desired mirror-image patterns EF •FGii 
are obtained alternately. In one radio-frequency 
keyer position, radiation occurs predominantly 
toward the east and the keyed identification is D. 

In the opposite position, radiation occurs pre
dominantly toward the west and the keyed 
identification is U. Two separate antenna sys-
tems for radiating the two characteristic patterns 

RF POWER IDENTIFJ CATION 
SIDEBAND GENERATOR KEYER 

Fig. 7-Aural-antenna network. 
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The bridge circuit possesses another important 
advantage. At each of its two input terminals, in 
addition to the 90-cycle and 150-cycle sidebands, 

90- MODULATED 

CARRIER 

150- MODULATED 
CARRIER 

B 

AC • caO' '.i!. 2 

Fig. 8-Antenna network, two-course visual radio range. 

there is present the 125-megacycle carrier, which 
arrives at the respective input terminals of the 
bridge in phase. At the terminals leading to the 
outer loops, however, the carriers cancel out be
cause of the previously mentioned phase reversal 
in one arm of the bridge. Contrariwise, at the 
center-loop terminals, the carriers are in phase and 
are therefore additive. Hence, no mirror-image 
patterns exist insofar as the carrier is concerned ; 
the carrier is radiated only from the center loop 
equally in all directions. The sideband power , 
however, divides equally between the center and 
the outer antennas and makes possible the 
radiation patterns already described. 

The transmission-line bridge thus serves three 
highly important functions : (a) the realization 
of two different radiation patterns from a single 
antenna array ; (b) the removal of the sidebands 
from the carrier of two modulated waves of the 
same carrier frequency without any power dis
sipation ; and (c) the radiation of the total carrier 
energy solely from the center loop with uniform 
circular distribution. 

6 Modulation Problem 

6 . 1  VISUAL MODULATION 
The problem of obtaining two equal sources of 

radio-frequency power modulated at 90 and 150 
cycles, respectively, requires careful considera-

tion. Early in the development of radio ranges it 
became evident that two separate transmitter 
output stages, each with its own modulation,  was 
not satisfactory. This was due to the fact that 
variation of one output stage with respect to the 
other resulting from a change in tube emission , or 
any other reason, would alter the established 
course correspondingly. It was necessary, there
fore, to divide the transmitter carrier output into 
two equal parts and modulate each half sepa
rately by means not subject to difficulties arising 
from change of tube emission. Mechanical 
modulation ,  consequently, was adopted. 

The schematic diagram of _ the mechanical 
modulator is shown in Fig. 9. It will be seen that 
the transmitter output is divided into two chan
nels with a resonant quarter-wave section 
coupled to each. Under these conditions, the 
coupled sections effectively short-circuit the 
transmission line to the antennas. 3 These 

3 Andrew Alford, "Coupled Networks in Radio-Fre
quency Circuits," Proceedings of the I.R.E.,  v. 29, pp, 55-
70 ; February, 194 1 .  

RF LOAD" 
150111 MODULATED 

.
R F  OUTPUT-

150 . ..  

ROTOR 

SYNCHRONOUS 
MOTOR 

f=04 
A C  

CROSS MODULATION 

CONTROL 

UHF 

TRANSMITTER 

RF LOAD 

90NMOOULATEO 

-RF OUTPUT 

90N 
ROTOR 

Fig. 9-Ultra-high-frequency mechanical modulator. 
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resonant sections are detuned periodically by 3-
and 5-blade paddle wheels rotating at 1800 
revolutions per minute. Thus the resulting out
put of each channel is modulated 100 per cent. 
By tuning the sections so that resonance is ap
proached but not reached, any lesser degree of 
modulation may be obtained. 

In arbitrarily dividing the output of a trans
mitter into two channels, special precautions are 
required to prevent cross modulation when the 
impedance of a channel varies during the modu
lation cycle. For this purpose the transmission
line bridge again proves to be a versatile tool. By 

Fig. I O-Waveform from mechanical modulator. 

a. 90-cycle modulation radio-frequency envelope. 
b. 150-cycle modulation radio-frequency envelope. 
c. Detected 90 cycles. 
d. Detected 150 cycles. 

varying the impedance at the terminal opposite 
the transmitting end, it is possible to make each 
branch entirely independent of the other, and 
hence obtain substantially zero cross modulation. 
It is, moreover, not difficult to show experi
mentally that no power need be lost in the 
bridge-terminating network to obtain negligible, 
less than 1 percent, cross modulation between 
channels. 

The tendency prevails to associate mechanical 
modulation with jagged, distorted, or at least 
square-wave modulation rich in harmonic con
tent. In the present case , however, this type of 
wave configuration is decidedly not obtained, as 
will be evident from Fig. 10 ,  showing representa
tive results. I t  is, in fact, not difficult to limit 
the total distortion of each channel to less than 
10 percent and, with somewhat more care, to 
less than 5 percent. 

6.2 AURAL AND VOICE MODULATION 

The present method for application of aural 
and voice modulation is a result of several years 
development and experimentation. Throughout 
these years of growth leading to the present radio 
range, several methods were employed to achieve 
this addition. It seems logical , therefore, to 
describe the three major methods in the order in 
which they occurred. 

Initially, only aural modulation without voice 
was used to obtain sector identification. In the 
adaptations to be described later, voice is added 
to the total radiated spectrum. 

It is evident if a separate carrier were used for 
the aural portion of the radio range, and the 
radiation directed by means of the radio-fre
quency relay first to the east, then to the west, 
the total carrier available at the receiver would 
fluctuate, and hence the automatic volume con
trol of the receiver would be affected. This would 
cause "kicking" on the visual course-indicating 
instrument each time the aural signal was keyed. 
It follows, therefore, that some means must be 
provided to transmit only 1020-cycle sidebands 
for the aural signal and to make use of the al
ready existing circularly radiated carrier from the 
visual-instrument course. 

To accomplish these results, the aural-channel 
facilities employ a sideband generator giving an 
output predominance of sideband to carrier of 
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30 to 40 decibels depending on the care exercised 
in adjustment. At the output of the sideband 
generator, a phaser is provided to obtain the 
correct phase relationship between the sidebands 
thus produced and the carrier from the main 
transmitter. 

Since a carrier common to both the aural and 
visual modulation is utilized , it is not desirable 
to modulate the carrier in the mechanical modu
lator 100 percent. 

This modulation, therefore, is reduced to ap
proximately 70 percent and the aural signal then 
modulates the remaining 30 percent. 

6.3 INTERACTION PROBLEM 

6.3.1 Method I 
The block schematic diagram of Method I of 

the two-course radio range with sector identifica
tion is shown in Fig. 1 1 .  The visual and aural 
loops shown in this illustration are positioned 

p 

v, 

90 CYCLE 
ROTOR 

TIE-LINE 

R 

/UAl. 
/VIJ>6uRSE 

p' 

AURAL 
�------1 SIDEBAND 

GENERATOR 

Fig. 1 1-Method I, schematic visual and aural system. 

A1, A2, Aa = aural loops. 
V1, V2, V. =visual loops. 

above a metallic counterpoise. The visual loops 
are placed a half wave above the counterpoise 
and the aural loops slightly more than one 

Fig. 12-Tie line used in Method I to prevent inter
action between aural and visual antenna systems. 

quarter. From previous discussion it is clear that 
the four outer loops induce no currents in the 
center loops. The center two loops, on the other 
hand, do not induce currents in the outer loops 
because these loops are detuned for parasitic 
current, since in Figs. 7 and 8 

A C = CB = EF =  FG""'180 degrees. 

Thus care is taken of all interaction , except 
that between the two center loops, one mounted 
above the other. The coupling between these two 
loops is serious because the visual signal will get 
into the radio-frequency relay in the aural cir
cuit ; furthermore, the aural sidebands would 
feed back into the mechanical modulator. Thus, 
a great deal of undesirable interaction between 
the aural and visual systems would result. 

These difficulties are overcome by means of a 
properly designed tie line such as the one shown 
in Fig. 1 1 .  The installed tie line is shown in Fig. 
12 .  The general function of the line is to borrow 
power from the source and control it in phase 
and amplitude so as to neutralize the unwanted 
voltage at a specific point. 

The design considerations will be clear from 
the following : assume the directly fed current in 
the visual center loop V2 (Fig. 1 1) is represented 
by 11 and the induced current in the center aural 
loop A 2 is 11'. If, now, a short circuit is applied 
along the feeder to the lower loop, it is evident 
that 11' can be controlled in amplitude and to a 
certain extent in phase. In fact I1' can be made 
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negligibly small by placing the short circuit at 
the correct location P'. In practice, instead of an 
actual short circuit, a virtual short circuit is pro-

Al 

125 MC TRANSMITTER 

A2 ,/ 'v1sUAL 
COURSE 

Fig. 13-Method II, schematic visual, voice, and 
aural system. 

Ai, A2, C = aural loops. 
Vi, Vi, C = visual loops. 

C = voice loop. 

duced by m�ans of the tie line. As a result, the 
top center loop is made substantially independent 
of the lower center loop. Conversely, point P can 
be located on the visual center-loop feeder in a 
manner such as to neutralize all the current in
duced in the top loop by the lower loop. The tie 
line, to_ be effective, requires a minimum of two 
controls : one for change of phase and another 
for amplitude. For phase control, some resistance 
is necessary in the circuit. Optimum design 
dictates very low power dissipation ; but, with 
negligible power loss, tuning of the line becomes 
critical. A power dissipatign of approximately 10 
percent in the resistance load T (Fig. 1 1 ) results 
in adjustments that are readily made and stay 
put indefinitely. 

Method I had the following disadvantages 

which resulted in its replacement by Method I I :  
(1)  the tie line employed for the prevention of 
interaction between the center loops did not lend 
itself to adjustment by a maintenance man ; and 
(2) the lower height of the outside aural loops 
above the metallic counterpoise gave rise to a 
radiated vertical component along the visual 
course. This vertical component occurred due to 
reradiation from a high current concentration 
induced in the metallic counterpoise below the 
center aural loop by the outside aural loops. In 
such an ultra-high-frequency radio range utiliz
ing horizontal polarization, freedom from any 
vertical polarization is highly essential if the 
course is to be independent of the attitude of the 
airplane. If the course is dependent on the atti
tude of the airplane, a flight phenomenon known 
as "pushing" occurs, and the plane will zig-zag 
about the course in attempting to follow it. 

6.3.2 Method II 

A block schematic of the second method ap
pears in Fig. 13.  This differs from the previous 
method by the addition of voice to the system 
and the elimination of one center loop antenna 
and associated tie line. 

The use of a bridge permits one antenna to be 
energized by two different sources without inter
action between them. This ability of the bridge 
is utilized to excite a single center loop by both 
the visual and the combined aural and voice 
channels,4 as illustrated in Fig. 13 .  The bridge B 1  

also prevents either channel from feeding into 
the other. 

Another bridge B2 is used to apply voice. The 
voice facilities consist of an additional sideband 
generator and modulator. A phaser is provided 
at the output of each sideband generator to 
place the sidebands in the proper phase relation 
with the carrier at the output of bridge B1 feeding 
the center antenna. 

The voice sidebands do not feed into the aural 
outside antennas, due to the action of the bridge 
B2. Likewise, the aural sidebands cannot reach 
the output of the voice generator. 

Initially, the voice sideband generator was 
modulated by a 20-kilocycle subcarrier. This 20-

4 The use of the transmission-line bridge in this manner 
was 

_
first suggested by Mr. W. E. Jackson, chief of the 

Radio Development Section of the Civil Aeronautics 
Administration. 
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kilocycle subcarrier was modulated with voice. 
The voice facilities were later provided with a 
switching arrangement to permit an instantane
ous change from voice on the subcarrier to voice 
directly on the main carrier. This permitted a 
close comparison during actual flight tests. With 
voice directly on the main carrier, a 1020-cycle 
rejection and a high-pass filter were provided in 
the voice channel to prevent any disturbance in 
the visual and aural courses with voice modula
tion. Flight checks showed equivalent results 
between the two methods of voice modulation. 

The loads on the outside antenna feed lines 
shown in Fig. 13 are used to dissipate an amount 
of sideband· energy necessary to give the proper 
power ratio in the outside loops to the center 
loop. 

Method I I . had one inherent disadvantage. 
Half of the total carrier power was dissipated in 
the load terminating the bridge B1. As a con
sequence, Method I I  was replaced by Method 
I I I .  

6.3.3 Method III 

The final system used utilizes an adaptation of 
the mechanical-modulator bridge arrangement 
to the aural and voice channels. The sideband 
generators used in the previous method have 
been replaced by two 35-watt radio-frequency 
amplifiers (No. 1 and No. 2 ) ,  shown in Fig. 14. 
Amplifier No. 1 is modulated with voice plus 
1020 cycles, while amplifier No. 2 is modulated 
with voice only. The percentage of voice modula
tion on the equal carrier outputs of each radio
frequency amplifier is the same. As a result, the 
voice sidebands and carriers cancel out at the 
terminals of bridge B2 feeding the outside aural 
antennas. The 1020-cycle sidebands of amplifier 
No. 1 divide equally between the center- and 
aural-antenna feed lines. 

Since no crossover exists in the arms terminat
ing in the upper junction of bridge B2, the 
carriers and voice sidebands of both amplifiers 
add . The carrier power dissipation at bridge B 1 
is now a small fraction of that dissipated in 
Method I I .  The sideband generators, which 
require careful adjustment, have been replaced 
by straightforward radio-frequency amplifiers. 

The percentage modulation of each channel on 
the carrier is approximately 50 percent for the 

visual, 35 percent for the voice, and 15 percent 
for the aural sidebands. These values were found 
optimum by actual flight tests. 

125 MC TRANSMTTER 

� �L /v���SE 

Fig. 14-Method III, schematic visual, aural, 
and voice system. 

VJ, VZ, C = visual loops. 
Al, AZ, C = aural loops. 

C = voice loop. 

7 Marker (125.020-Megacycle) 

A ptoblem which presented itself, when flight 
checks were begun on this radio range, was ir
regularity of pointer indication when the plane 
flew at high vertical angles with respect to the 
transmitting equipment. This was due to lack of 
directly radiated signals, since the loop antennas 
have substantially zero radiation vertically. The 
receiver in the plane, because of its automatic
volume-control characteristic, became very sensi
tive and picked up whatever stray signal existed 
and hence gave irregular pointer indication. 

Several possible solutions were discussed with 
the Civil Aeronautics Administration personnel , 
and , as a result, a special marker was used to over
come this difficulty. Fig. 15 shows the marker 
array which is fed from an auxiliary 30-watt 
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transmitter removed in frequency from the main 
transmitter by approximately 20 kilocycles. 
This signal has no modulation and serves merely 
to radiate carrier straight up in order to steady 
the cross-pointer indicator and silence the re
ceiver in the airplane at high vertical angles over 
the radio-range station . 

8 Equipment 

The receiver, designed for this radio range, is a 
Western Electric type RUM crystal-controlled 
125-megacycle superheterodyne with an inter
mediate frequency of 10 megacycles. A high-pass 

Fig. 15-125.020-megacycle marker antenna array. 

filter, above 150 cycles with 1020-cycle rejection, 
in conjunction with a 90- and 150-cycle pass 
filter and a 1020-cycle pass filter, were inserted 
in the audio channel to separate the aural and 
voice signals from the 90- and 150-cycle visual 
signals. A more recent receiver, the Western 
Electric type 32A, has also been used in flight 
checks with very satisfactory results. The course 
indication is provided by a Weston cross-pointer 

Fig. 16-Two-course radio range with.sector identifica
tion and simultaneous voice, showing transmitter house, 
counterpoise structure, antenna house, and 125.020-
megacycle marker. 

Fig. 17-Transmitting equipment, showing left to right, 
125-megacycle, 300-watt transmitter, mechanical modu
lator, and sideband generator. Auxiliary marker trans
mitter is in the background. 

instrument, the vertical pointer of which is 
utilized as illustrated in Fig. 2 .  The cross-pointer 
instrument is used in conjunction with 90- and 
150-cycle pass filters in parallel. The outputs of 
the filters are rectified to actuate the meter. 
With a predominance of 90-cycle modulation, the 
vertical pointer deflects to the right of its "on 

Fig. 18-Visual and aural loop antennas mounted 
above metal counterpoise. 

course" or center position , while a predominance 
of 150-cycle modulation swings the pointer to the 
left. The receiving loop antenna on the airplane 
is similar to the type used for instrument land
ing.5 

5 P. C. Sandretto, "Principles of Aeronautical Radio En
gineering," McGraw-Hill Book Company, Inc., New York , 
N. Y., 1942, Chapter III ,  pp. 100-105. 
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Figs. 16, 17 ,  18 ,  19 ,  and 20 show views of the 
complete radio range, the transmitting equip
ment, antennas, and the airplane equipment 
comprised in the radio range. 

Fig. 19-Civil Aeronautics Administration Boeing used in 
flight checks, showing receiving loop antenna. 
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Summary 

The primary purpose of a radio range for air
craft use is to provide a reliable indication to the 
pilot of an airplane as to his location with respect 
to a predetermined course. In addition, it is very 
desirable to identify quickly and positively the 
sector in which the airplane is at any given time ; 
i .e. ,  whether it is east or west of an east-west 
radio-range station. Voice radiated omnidirec
tionally is also desirable for ground-to-plane 
communication. 

The basis of the radio-range design described 
herein is the two-course localizer used in instru
ment landing. A group of three loop radiators 

Fig. 20-Cabin view of Civil Aeronautics Administration 
Boeing ready for demonstration flights. 

provides two overlapping mirror-image patterns 
modulated at 90 and 150 cycles, respectively. A 
cross-pointer instrument, the vertical pointer of 
which is actuated differentially by the 90- and 
150-cycle modulation, provides the pilot with the 
necessary information for orienting his plane. 

A second pair of outside radiators, similar but 
at right angles to the first group, in conjunction 
with the center radiator, which is common to 
both the aural and visual systems, provides a 
keyed signal for aural sector identification . Ex
cept for the carrier radiation which is common to 
both the aural and visual signals, the two sys
tems are entirely independent. Voice is radiated 
only by the center antenna. 

The theory of the antenna system is discussed 
in this paper, paying particular attention to the 
problem of interaction between the aural, visual 
and voice radiating systems. The various stages 
of development leading up to the final range 
installation at the Civil Aeronautics Administra
tion Experimental Station in Indianapolis are 
given. 
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